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Notes 

5-Chloropuromycin. Inhibition of Protein Synthesis and Antitrypanosomal 
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A facile, two-step conversion of puromycin aminonucleoside (PAN) into 5'-deoxy-PAN (5) via 5'-chloro-5'-deoxy-PAN 
(1) was accomplished. Replacement of the 5'-OH group of PAN with H or CI resulted in the elimination of kidney 
toxicity associated with the administration of PAN. The corresponding puromycin derivatives, 5'-chloro-5'-
deoxypuromycin (4) and 5'-deoxypuromycin (6), derived from 1 and 5, respectively, were compared in a ribosomal 
peptidyltransferase assay. Both compounds were excellent substrates for the transpeptidation reaction, confirming 
our previous observations with 6 that the 5'-OH of puromycin is not essential for activity at the ribosomal level. 
Thus, 4 represents a new puromycin derivative that retains puromycin-like activity at the ribosomal site but is capable 
of releasing only a nonnephrotoxic aminonucleoside upon enzymatic release of the p-methoxyphenylalanyl side chain. 
The chloro derivative 4 exhibited significant antitrypanosomal activity in mice infected with Trypanosoma rhodesiense. 
The 5'-deoxy derivative 6 was inactive against trypanosomes. 

The antibiotic puromycin derives its antimicrobial and 
antitumor activities from its ability to cause a premature 
release of growing polypeptide chains from ribosomes.1'2 

The successful use of puromycin against trypanosomiasis 
and amebiasis in mice3"6 and humans6,7 indicated prom
ising clinical use as a chemotherapeutic agent. However, 
toxicity studies soon revealed the development of ne
phrotoxic manifestations that have subsequently precluded 
the use of puromycin in the treatment of human or animal 
infectious diseases.8 The nephrotoxicity of puromycin has 
been ascribed to the enzymatic release of the amino-
nucleoside 6-(dimethylamino)-9-(3/-amino-3'-deoxy-/J-D-
ribofuranosyl)purine (PAN) by hydrolysis of the amino 
acid side chain (Scheme I).9 Metabolic studies have 
demonstrated that PAN can be monodemethylated by 
liver enzymes10,11 and subsequently converted to the 5'-
nucleotide.12 It has been suggested that the nucleotide 
may be the active metabolite of PAN which induces kidney 
toxicity.12,13 

In a program to design active puromycin molecules that, 
if hydrolyzed at the peptide bond, would release only 
nontoxic aminonucleosides, we have previously prepared 
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5'-deoxypuromycin (6) from its aminonucleoside, 5'-
deoxy-PAN (5).13,14 Because of the lengthy synthetic 
scheme involved in the total synthesis of 6, we have re
cently investigated the direct conversion of PAN to 5'-
deoxy-PAN (5) via the 5'-chloro-5'-deoxy-PAN (1). In 
addition to its use as a synthetic intermediate, we were 
interested in assessing the ability of 1 to resist conversion 
to a nephrotoxic metabolite. Also in this paper, 5'-
chloro-5'-deoxypuromycin is examined with respect to its 
ability to participate in the ribosomal peptidyltransferase 
reaction and inhibit protein biosynthesis. 

Results and Discussion 
Synthesis. The synthetic route for the preparation of 

5'-chloro-5'-deoxypuromycin is outlined in Scheme II. 
Thus, the conversion of PAN to 5'-chloro-5'-deoxy-PAN 
(1) was accomplished with thionyl chloride in triethyl 
phosphate. The aminonucleoside, 1, was condensed with 
N- (ter^butyloxycarbonyl)-L-p-methoxyphenylalanine (2) 
using dicyclohexylcarbodiimide and iV-hydroxysuccin-
imide. Removal of the tert-butyloxycarbonyl blocking 
group from 3 with anhydrous trifluoroacetic acid gave the 
desired 5'-chloro-5'-deoxypuromycin (4) as expected. 

As illustrated in Scheme III, 5'-deoxy-PAN was obtained 
by reduction of 1 with tributyltin hydride in the presence 
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of azobisisobutyronitrile. The 5'-deoxyaminonucleoside 
(5) was converted to 5'-deoxypuromycin (6) as previously 
described.14 

Biology. A desirable approach to improve the selective 
toxicity of puromycin would involve the replacement or 
elimination of the 5'-OH of the antibiotic in order to 
prevent nucleotide formation from the PAN moiety. 
However, such modifications must not prevent the altered 
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Figure 1. Double-reciprocal plot for the peptidyltransferase 
reaction with Ac-L-[14C]Phe-tRNA as a donor substrate with 
puromycin (•), 5'-deoxypuromycin (O), and 5'-chloro-5'-
deoxypuromycin (A) as acceptor substrates. The AC-L-[UC]-
Phe-tRNA was bound to the ribosomes in a reaction mixture 
containing 130 mM Tris-Cl (pH 7.5), 130 mM NH4C1 (pH 7.6), 
20 mM Mg(OAc)2, 0.84 mM dithiothreitol, 2.78 Am units of 
washed E. coli ribosomes, 1.50 mM GTP, 63 ^g of FWR, 0.35 Am 
units of poly(U), and 21 pmol of Ac-L-[wC]Phe-tRNA (464 
pCi/pmol) in a total volume of 80 pL. The binding mixture was 
incubated at 28 °C for 8 min, and the peptidyltransferase reaction 
was initiated by the addition of 20 ML of puromycin analogue in 
water. Reaction mixtures were incubated for a specified time, 
and product formation was measured as described in ref 16. 
Counting efficiency was approximately 90%. All counts were 
corrected by blanks in which substrate was absent. The kinetic 
parameters, KM and V^x, were determined using a Wilkinson 
analysis.18 All plotted points represent an average of duplicate 
determinations. The standard deviation of the obtained values 
averaged ±5%. 

antibiotic from participating as a substrate at the riboso-
mal peptidyltransferase site. In addition, it must be 
demonstrated that the altered aminonucleoside moiety is 
devoid of nephrotoxic activity. In a previous communi
cation, we reported that 5'-deoxy-PAN was not nephrotoxic 
to rats, while the corresponding 5'-deoxypuromycin was 
an excellent substrate for the transpeptidation reaction.13 

Double-reciprocal plots of initial velocities of product 
formation vs. substrate concentrations were used to com
pare the kinetic parameters of puromycin, 5'-chloro-5'-
deoxypuromycin (4), and 5'-deoxypuromycin (6). Figure 
1 confirms the previously observed activity of 613 and also 
shows that 4 is an acceptor for the donor acetylphenyl-
alanyl-tRNA in the peptidyltransferase reaction. Further 
examination of Figure 1 reveals that although both 4 and 
6 are excellent substrates, their kinetic parameters differ 
significantly. Thus, replacement of the 5'-OH of puro
mycin with CI had no effect on KM (0.15 mM), while the 
Vmax was lowered by a factor of 2.5. Replacement of the 
5'-OH with H had no effect on V ^ and raised the KM to 
0.30 mM. The above data clearly indicate that the 5'-OH 
of puromycin can be replaced with H or CI without de
stroying its ability to act as a substrate at the peptidyl
transferase site of ribosomes and inhibit protein synthesis. 
Nephrotoxicity studies were conducted to ensure that the 
corresponding aminonucleosides released by the in vivo 
hydrolysis of 4 and 6 were devoid of toxic manifestations. 
Figure 2 shows that PAN causes severe proteinuria in rats 
due to nephrotoxicity beginning after 8 days of treatment. 
At the same dose level, no nephrotoxicity was observed 
with 1 and 5, even after 28 days of treatment, and urine 
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Figure 2. Nephrotoxicity of PAN. Male Sprague-Dawley rats, 
6 per group, weighing 60.9 ± 1.8 g, were administered subcuta-
neously with equimolar doses (0.051 mmol/kg) of the amino-
nucleosides or with saline daily for 28 days, and the total 24-h 
urine protein excretion19 was measured for each rat for a period 
of 40 days. The daily urinary proteins excreted by rats treated 
with 5'-deoxy-PAN or 5'-chloro-5'-deoxy-PAN were comparable 
and did not exceed the levels of protein excreted by control rats 
given saline (A), whereas PAN (•) administration resulted in the 
induction of a nephrotic syndrome characterized by excessive 
proteinuria, ascites, and imminent death. 

protein was not different from saline controls up to day 
40. Gross examination at sacrifice of the kidney, liver, and 
spleen indicated that they were normal. The inability of 
the 5'-deoxy-PAN derivatives to induce a nephrotic syn
drome strongly confirms the involvement of the 5'-OH 
group in toxicity at the aminonucleoside level. Thus, 5'-
chloro-5'-deoxypuromycin represents a new puromycin 
analogue prepared in such a way that the structural fea
tures required for antimicrobial activity at the ribosomal 
level have been retained with concomitant elimination of 
the molecular moiety responsible for conversion to a toxic 
metabolite. 

Antitrypanosomal testing of the puromycin derivatives 
4 and 6 was conducted at the Walter Reed Army Institute. 
Compounds were aclministered in a single dose to ICR/HA 
Swiss mice infected with the Wellcome CT strain of 
Trypanosoma rhodesiense as previously described.16 The 
chloro derivative 4 was highly active with curative doses 
of 26 mg/kg subcutaneously and 13 mg/kg orally. Sur
prisingly, 5'-deoxypuromycin (6) was not active against 
trypanosome-infected mice at the maximum dose of 106 
mg/kg. Metabolic studies of the puromycin derivatives 
(4 and 6) and their nucleosides (1 and 6) are presently 
being conducted to explain their differences in in vivo 
activities. 

Experimental Section 
Puromycin dihydrochloride and PAN were obtained from ICN 

Pharmaceuticals, Inc., L-[14C]phenylalanine was obtained from 
New England Nuclear, and Escherichia coli cell past (B, midlog) 
was purchased from General Biochemicals. The polynucleotides 
were obtained from Miles Laboratories. Preparation of ribosomes, 
S-100, factors washable from ribosomes (FWR), and Ac-L-

(15) L. Rane, D. S. Rane, and K. E. Kinnamon, Am. J. Trop. Med. 
Hyg., 25, 395 (1976). 

[14C]Phe-tRNA were as previously described.16 

Elemental analyses were performed by M-H-W Laboratories, 
Phoenix, AZ. Melting points were determined on a Mel-Temp 
apparatus and are corrected. Nuclear magnetic resonance spectra 
were obtained with a Varian T-60A spectrometer, infrared spectra 
with a Perkin-Elmer 237B spectrophotometer, and ultraviolet 
spectra with a Beckman 25 recording spectrophotometer. Column 
chromatography on silica gel 60, 70-230 mesh (E. Merck, 
Darmstadt), was used for purification of some compounds. 
Satisfactory elemental analyses (±0.4% of calculated values) were 
obtained for each compound listed in Schemes II and III. 

6-(Dimethylamino)-9-(3'-amino-5'-chloro-3',5'-dideoxy-/J-
D-ribofuranosyl)purine (1). To a suspension of PAN (294 mg, 
1.0 mmol) in triethyl phosphate (10 mL) was added freshly dis
tilled thionyl chloride (0.3 mL, 4.0 mmol). The reaction mixture 
was stirred at room temperature for 14 h and then poured into 
anhydrous ether (250 mL) and allowed to stand at ambient 
temperature for 1 h. The solid was collected by filtration, dissolved 
in methanol (25 mL), and neutralized with Dowex 1 resin, 25-50 
mesh, OH" form. The resin was removed by filtration and washed 
with methanol (50 mL). The combined filtrates were evaporated 
to dryness in vacuo at 25 °C and gave a white crystalline product. 
Recrystallization from water gave pure 1: yield 230 mg (74%); 
mp 174-175 °C; IR (KBr) 2900-3380 (OH, NH), 1610,1570 (C=C, 
C=N), 640 (CI) cm"1; UV X ^ (e X 10"3), at pH 1, 268 nm (19.0); 
at pH 14, 275 (20.1). Anal. (C12H17C1N602) C, H, N, CI. 

JV-(tert-Butyloxycarbonyl)-L-p-methoxyphenylalanine 
(2). To an ice-cooled solution of L-p-methoxyphenylalanine 
hydrochloride17 (2.32 g, 1.0 mmol) in 0.5 N sodium hydroxide (60 
mL) and dioxane, (90 mL) was added tert-butoxycarbonyl azide 
(5 mL), and the solution was stirred at room temperature for 48 
h. The solution was concentrated in vacuo to 60 mL and adjusted 
to pH 5 at 0-5 °C with 1 N sulfuric acid. A heavy precipitate 
of 2 was collected by filtration and dried in vacuo at 50 °C: yield 
1.90 g (76%); mp 132-135 °C. Recrystallization from chloro-
form-hexane gave the pure product: mp 134-135 °C; NMR 
(CDClg) 5 12.03 (br, 1 H, COOH), 7.06 and 6.73 (2 d, 4 H, aro
matic), 5.33 (br, 1H, NH), 4.35 (m, 1H, C„ H), 3.70 (s, 3 H, OCHa), 
3.03 (m, 2 H, Cs H2), 1.36 (s, 9 H, t-Bu). Anal. (C16H21N06) C, 
H, N. 

6-(Dimethylamino)-9-[3'-[[Ar-(tert-butyloxycarbonyl)-L-
p-methoxypnenylalanyl]arnino]-5'-chloro-3',5'-dideoxy-0-D-
ribofuranosyl]purine (3). To a cooled (ice bath) solution of 
1 (624 mg, 2.0 mmol), 2 (590 mg, 2.0 mmol), and N-hydroxy-
succinimide (250 mg, 2.1 mmol) in anhydrous dimethylformamide 
(5 mL) was added dicyclohexylcarbodiimide (460 mg, 2.20 mmol), 
and the stoppered mixture was stirred at room temperature for 
16 h. The solvent was removed under reduced pressure, and the 
residue was triturated with ethyl acetate (15 mL). The insoluble 
dicyclohexylurea (DCU) was removed by filtration. The filtrate 
was evaporated to dryness, and the residue was dissolved in 
chloroform and applied to a silica gel column (50 g) packed in 
chloroform. A small amount of DCU was removed with chloro
form, and the desired product was eluted with chloroform con
taining 1% methanol Evaporation of the eluate containing 3 gave 
a white powder: yield 900 mg (80%); mp 180-183 °C dec; NMR 
(CDC13) 6 8.16 and 7.96 (2 s, 2, C2 H and C8 H), 7.16 and 6.80 (2 
d, 4 H, J = 8 Hz, aromatic), 5.75 (d, 1 H, J = 3.0 Hz, C r H), 3.73 
(s, 3 H, OCH3), 3.5 [s, 6 H, N(CH3)2], 1.4 (s, 9 H, t-Bu). Anal. 
(C27H36C1N706) C, H, N, CI. 

6-(Dimethylamino)-9-[3'-[(L-p-methoxyphenylalanyl)-
amino]-5'-chloro-3',5-dideoxy-/9-D-ribofuranosyl]purine. 
5-Chloro-5-deoxypuromycin (4). Trifluoroacetic acid (ice cold) 
was added dropwise to 3 (200 mg, 0.339 mmol) until a solution 
was obtained (5 mL). The solution was kept at room temperature 
for 8 min, and the acid was removed under reduced pressure at 
25 °C. The last traces of acid were removed by coevaporation 
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with acetonitrile. The oily residue was dissolved in methanol (20 
mL) and stirred with excess basic ion-exchange resin (Dowex 1, 
20-50 mesh, OH" form, 5 mL) for 10 min. The resin was removed 
by filtration and washed with methanol (50 mL). Evaporation 
of the combined filtrates gave 4 as a white crystalline solid: yield 
155 mg (93.3%). Recrystallization from methanol-ether gave an 
analytical sample: mp 124-125 °C dec; UV A ^ (« X 10"3), in 
methanol, 275 (20.6); at pH 1, 268 (20.3); at pH 14, 276 (20.9). 
Anal. ( C K H M C I N ^ C, H, N, CI. 

6-(Dimethylamino)-9-(3-amino-3',5-dideoxy-/S-D-ribo-
furanosyl)purine. 5'-Deoxy-PAN (5). To a solution of 1 (2.35 
g, 8.0 mmol) in anhydrous tetrahydrofuran (100 mL) were added 
azobisisobutyronitrile (0.50 g, 3.04 mmol) and tributyltin hydride 
(6.0 g, 21.0 mmol). The reaction mixture was heated under reflux 
for 18 h under anhydrous conditions. The solvent was removed 

under reduced pressure, and the residue was triturated with cold 
petroleum ether (50 mL). A solid product was removed by fil
tration, washed with cold petroleum ether (100 mL), and crys
tallized from ethyl acetate to give pure 5: yield 1.25 g (90.5%); 
mp 202-203 °C (lit.14 mp 204-205 °C); IR and NMR spectra were 
identical with an authentic sample.14 
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Synthesis of S-(3-Deazaadenosyl)-L-homocysteine 
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A satisfactory procedure for the preparation of S-(3-deazaadenosyl)-L-homocysteine, a metabolite of 3-deazaadenosine, 
which is a potent inhibitor of S-adenosyl-L-homocysteine hydrolase with antiviral activity, is described. For the 
first time this compound is completely characterized and its optical purity established. 

S-Adenosyl-L-homocysteine (9a), the biochemical by
product of methylation reactions involving adenosyl-
methionine, was first synthesized by displacement of the 
tosyloxy group of 2',3'-0-isopropylidene-5'-0-tosyl-
adenosine (3a) with the sodium salt of L-homocysteine, 
followed by removal of the isopropylidene group from the 
product.1,2 This procedure has been applied to the syn
thesis of S-(3-deazaadenosyl)-L-homocysteine monohydrate 
(9b) in an overall yield of 12%; the intermediates were not 
characterized, and no information on the specific rotation 
or optical purity of 9b was provided.3 

Because of the recent interest in 3-deazaadenosine (lb) 
as a competitive inhibitor of and alternate substrate for 
S-adenosyl-L-homocysteine hydrolase,4,5 we have reinves
tigated the chemical synthesis of the enzymatic product 
9b (Scheme I). Tosylation3 of 2',3'-0-isopropylidene-3-
deazaadenosine (2b), most satisfactorily prepared by the 
procedure of Zderic et al.,6 gave a mixture of 61% un-
reacted2b, 31% 5'-0-tosyl-2,3-0-isopropylidene-3-deaza-
adenosine (3b), and a small amount of material identified 
by UV and mass spectral data as a ditosyl derivative of 
2b (4b). 

The rather unsatisfactory results of the tosylation re
action led us to explore the conversion of the sulfite ester 
(5) of 5'-chloro-5'-deoxy-3-deazaadenosine (6) directly to 
9b, since we previously prepared the 5'-(isobutylthio)-5'-
deoxy-3-deazaadenosine (8) from 6 itself,7 and Borchardt 
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Scheme I 
NHR 

3, R= H 
4, R = Ts 

HO OH 

5, R, = CI; R2 = SO 
6, R, = CI; R2 = H 
7, R, =I;Rj =H 
8, R, = (CH3)2CHCH,S; R2 = H 

a series: X= N 
b series: X = CH 

et al. have prepared other analogues of S-adenosyl-L-
homocysteine in a similar manner.8 Unfortunately, 5 
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